We present a new Skyrme energy density functional (EDF) named SAMi [1]. This interaction has been accurately calibrated to reproduce properties of doubly-magic nuclei and infinite nuclear matter. 
Introduction
The Skyrme Hartree-Fock (HF) plus Random Phase Approximation (RPA) approach is one of the successful techniques for the study of the ground state and excited state properties of nuclei [2, 3] . The Skyrme ansatz is also used in more elaborated theoretical frameworks that include higher-order nuclear correlations [4, 5] .
The Skyrme HF+RPA approach enables an effective description of the nuclear many-body problem in terms of a local energy density functional. Specific drawbacks and problems exist [6] in this type of functionals. Therefore, we need to understand the origin of such deficiencies and eventually solve them. One of these problems is the accurate determination of the spin-isospin properties of that functional. If achieved, it should lead to accurate predictions of the properties of Gamow Teller Resonance (GTR) [7] , namely, the main focus of this work for its relevance in electron-capture in the core-collapse of supernovae [8, 9] ; neutrino-induced nucleosynthesis [10] ; the study of double- * e-mail: xavier.roca.maza@mi.infn.it β decay [11] and, if ever observed, for determining the neutrino mass in neutrinoless double-β decay. GT matrix elements are also very useful for the calibration of detectors aiming to measure electron-neutrinos [12] .
The sum of all possible transitions from the ground state |0 to any possible excited state |ν give the linear response or GT strength function,
whereÔ ± GT is the GT operator
and A is the mass number and σ and τ are the spin and isospin Pauli matrices, respectively. The dominant transitions will be those between spin-orbit partner levels as illustrated in the schematic picture in Fig. 1 for the case of 90 Zr. If this is true also for other nuclei, it is easy to realize that spin-orbit splittings between nucleon levels above -but still close to -the Fermi surface will play a relevant role. In this respect, it is well known in the field that most of the Skyrme interactions overestimate the experimental spin-orbit splittings in heavy nuclei [13] . GTR measurements shows that the Ikeda Sum Rule
hausts only a 60-70% in the resonance region. To explain this quenching, it has been proposed that 2-particle 2-hole (2p-2h) correlations, or the coupling with the ∆−hole excitation, have to be taken into account. Recent experimental analysis in 90 Zr [14] seems to indicate that most of the quenching (around 20% of ISR) has to be attributed to 2p-2h coupling and that the role played by the ∆ isobar is much less important.
Skyrme Hamiltonian and Random Phase Approximation
The Skyrme interaction is a zero-range, velocitydependent interaction that describe nucleons with space, spin and isospin variables. The Hamiltonian density is written as in Ref. [15] ,
where K =h 2 τ /2m is the kinetic energy term where
i , H 0 the zero range term, H 3 the density dependent term, H eff the effective mass term, H fin the finite range term, H SO the spin-orbit term, H sg is a term due to the tensor coupling with spin and gradient and H Coul is the Coulomb term. The exchange part of the Coulomb term is calculated within the Slater approximation [16] . Specifically,
The main differences with other Skyrme models available in the literature are that we include a two parameter, W 0 and W ′ 0 , spin-orbit potential [17] . For W 0 = W ′ 0 one recovers the most standard form of this type of functional, for W ′ 0 = 0 the spin-orbit potential mimicks relativistic calculations and for non-vanishing W 0 = W ′ 0 , a mixed behavior is found. And that we also include H sg known as central tensor term or J 2 term. Pairing correlations, important for the description of open shell nuclei, and deformation are not included in our calculations since we study closed shell, double-magic spherical nuclei. The center-of-mass correction adopted in our calculations uses the factor mA/(A − 1) instead of the bare nucleon mass m in the kinetic energy term K. This prescription accounts for a large part of the center-of-mass correction and it is implemeted in most of Skyrme-HF calculations.
The discrete RPA method we adopt in our calculations is well-known in textbooks [18, 19] . In our selfconsistent approach, we build the residual interaction for the proton-proton, neutron-neutron and proton-neutron channels from the Skyrme-HF energy density functional. Then we solve fully self-consistently the RPA equations by means of the matrix formulation. For further details see Ref. [20] where, very recently, the code we have used for the calculations presented here has been published.
Fitting procedure
We present a non-relativistic functional of the Skyrme type [1] , named SAMi for Skyrme-Aizu-Milano. It is as accurate as previous Skyrme models in the description of nuclear matter properties and of masses and charge radii of double-magic spherical nuclei. In addition, due to our fitting protocol, it improves the description of the GTR in medium and heavy mass nuclei with respect to previous models of the same type.
For the minimization, we have performed a χ 2 test (see Ref. [1] for further details) by means of a variable metric method included in the MINUIT package of Ref. [21] . We have chosen the following set of data and pseudo-data for our fit: (iv) pseudo-data corresponding to the variational calculations of the energy per particle of uniform neutron matter at baryon density ρ between 0.07 fm −3 and 0.4 fm −3 of Ref. [22] .
The novelties of our protocol that guide the fit to a better description of the GTR are twofold and due to points (ii) and (iii). Actually, the impact on the excitation energy and strength of the GTR of (ii) and (iii) have been studied in previous literature [23, 24, 25] . The importance of (ii) has been already discussed in the introduction. The hierarchy and values that we have taken for the spin and spin-isospin Landau-Migdal parameters in point (iii) have been empirically suggested by the study of Ref. [26] (find more details also in Ref. [1] ). On the other side, point (i) has allowed us to determine the saturation energy (e ∞ ), density (ρ ∞ ) and incompressibility (K ∞ ) of symmetric nuclear matter -constrained to be 240±20 MeV by an analysis of a large set of Skyrme interactions [27] -and point (iv) has been helpful in driving the magnitude (J) and slope (L) of the nuclear symmetry energy at nuclear saturation density towards reasonable values [28, 29, 30, 31, 32, 33] . In Tables 1 and 2 of Ref. [1] the references for the used data and pseudo-data with the corresponding adopted errors, partial contributions to the χ 2 , and the number of data points used in the fit can be found (Table 1) ; and the SAMi parameter set and some saturation properties with the estimated standard deviations (Table 2 ).
Results
In this section we will show the results of SAMi as compared to other interactions and experimental data for the GTR in 48 [22] can be found in Ref. [1] . In addition to that, we have also tested that SAMi EoS is stable against spin and spin-isospin instabilities [25] up to a baryon density of more than four times saturation density, well above the region important for the description of finite nuclei and enough for the study of uniform neutron-rich matter in neutron stars.
The predictions of SAMi for important non chargeexchange excitations such as the Isoscalar Giant Monopole Resonance (ISGMR), Isovector Giant Dipole Resonance (IVGDR) and the Isovector Giant Quadrupole resonance (IVGQR) in 208 Pb are accurate. Specifically, the excitation (E x ) -or centroid (E c )-energies as predicted by our HF+RPA calculations (experimental values) for these resonances are E c (GMR) = 14.48 MeV (E c (GMR) = 14.24± 0.11 MeV [34] ), E c (GDR) = 13.95 MeV (E c (GDR) = 13.25 ± 0.10 MeV [35] ) and E x (GQR) = 23.1 MeV (E x (GQR) = 23.0 ± 0.2 MeV [36] ), respectively. The corresponding energy weighted sum rules agree well with available experimental data.
The earliest attempt to give a quantitative description of the GTR was provided by the Skyrme SGII interaction [23] . Later on, an accurate functional for the predictions of finite nuclei and charge-exchange resonances was proposed: namely SkO' [41] . Relativistic meanfield and relativistic HF calculations of the GTR have also become available meanwhile [42, 43] . For this reason, we show in Fig. 2 [37, 14, 38, 39, 40] and as predicted the nonrelativistic SkO' [41] , SGII [23] and SAMi interactions obtained within our HF+RPA calculations. We also show the predictions of SLy5 [15] since it is of common use in the field and because our fitting protocol is similar to the one used to obtain this interaction and the predictions of PKO1 [43] for the case of 208 Pb since it is based on a relativistic framework.
In the upper panel of Fig. 2 , we show the experimental data as well as the predictions of the SAMi, SGII and SkO' functionals for 48 Ca (the SLy5 result is not shown because RPA calculations produce instabilities, i.e., imaginary energies). The excitation energy found in the experiment for the high-energy peak, E [37, 14, 38, 39, 40] and predicted by SLy5 [15] , SkO' [41] , SGII [23] and SAMi forces. For the case of 208 Pb we also show the predictions of PKO1 [43] .
overall description of the GTR in 48 Ca by SAMi improves the results obtained with SGII and SkO'.
The prediction of the SAMi interaction in the case of 90 Zr (middle panel of Fig. 2 ) is even better than in the case of 48 Ca. The excitation energy and % of the ISR exhausted by the high-and low-energy peaks in the experimental data (SAMi) are, respectively, E calculations is,
and, as it is shown in both figures, it connects single particle states differing by a total angular momentum: 
Summary and conclusions
The new Skyrme interaction presented here and in more detail in Ref. [1] accounts for the most relevant quantities in order to improve the description of charge-exchange nuclear resonances, i.e., the hierarchy and value of the spin and spin-isospin Landau-Migdal parameters and the proton spin-orbit splittings of different high angular momentum single-particle levels close to the Fermi surface. As a proof, the GTR in 48 Ca, 90 Zr and 208 Pb and other chargeexchange resonances [1] are predicted with high accuracy by SAMi without compromising the description of other nuclear observables.
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